One sentence summary: Our survey among microbiologists indicates that many perceive considerable limitations in their work, and increasing efforts to share and collaborate could reduce those. Editor: Kay Yeoman
AIM AND CONTEXT
The Federation of European Microbiological Societies (FEMS) is a federating body for more than 50 scholarly societies that represent more than 30 000 microbiologists across Europe and beyond. FEMS was initiated in 1974 to encourage and facilitate the exchange of scientific ideas and expertise across Europe, and to support and internationalize the activities of our Member Societies. We do this today by connecting scientists, policy makers, businesses and campaigners, and establishing effective knowledge flows, by publishing journals, organizing events and providing grants, opportunities and resources that support both scientific excellence and societal impact.
Barriers in academia are often associated with unequal career development opportunities based on gender, geography or socioeconomic background. As an international body we are particularly aware of regional differences in, for example, access to equipment. Understanding what barriers are perceived by different members of our community is essential to informing how we can best contribute to delivering our organizational mission. But these same findings also provide valuable insight for international researchers looking to establish effective research collaboration.
To obtain insight into such barriers and their potential solutions, the global microbiology community was consulted via a survey, which was circulated and promoted among FEMS' Members, partners and contributors, in June 2017 (the complete survey is included in the Supplementary Information S1). Of total respondents, 69% of participants were employees at a University (including both graduate and undergraduate scientists), 23% at a Research Institute and less than 3% were working in Industry, Policy or a Clinical setting. The majority of participants agreed to anonymous use of their answers, although 7% indicated that they would want their answers omitted when publishing the dataset. More than 2700 respondents from 98 countries participated in the survey (listed in Table S1 , Supporting Information).
SUMMARY OF RESULTS
Only a small number (1.4%) of all survey respondents (2707) indicated that they experienced no barriers at all that negatively influence their work. The other participants (98.6%) perceived limitations, but there was variation in the degree to which they perceived them. While this perception differed per country, the goal of the survey was to elicit different views, rather than to statistically correlate specific views with specific locations.
Overall, the main barriers reported included both a lack of access to necessary facilities and equipment and difficulties in securing funding and grants (Figure 1 ). Of the additional barriers suggested in the survey, a lack of opportunities for professional development; hindrance due to rules and regulations; and insufficient opportunity to network, collaborate and/or FEMS Microbiology Letters, 2018, Vol. 365, No. 17 access to expertise were perceived less severe. Recurring limitations contributed by respondents included time-consuming administrative workloads, a lack of enthusiasm in young researchers, and difficulties to recruit and retain well-trained employees. Some microbiologists indicated that the use of English serves as an additional barrier. Drilling down further into the main elements of these key obstacles, the most important ones can be summarized as follows:
Facilities and equipment
The main obstacles experienced with respect to facilities or equipment were the costs, the available access to facilities and equipment, and the necessary experience for operation (Table 1) . Respondents indicated that it would be beneficial to increase the ease of access to existing equipment or services (56%), to have a service to locate those (40%) and to obtain financial assistance (60%).
Over 90% of participants indicated that they would be open for sharing, or continue to share their facilities, equipment and/or expertise with others, although not all with businesses and not necessarily without costs. The majority of respondents expected opportunities to write joint publications (77%), accelerate their research (71%) and/or extend the network (62%) in return for sharing. Over half of the respondents valued advancing microbiology and creating goodwill as a result of sharing. Many (47%) indicated an expectation of some financial benefit or compensation in return.
Funding
Many respondents (93%) report that they have limited resources of funding. Table 1 shows that participants try to circumvent this by collaborating in funding proposals and peer review to improve funding applications. They suggest a simplification of the application processes (58%) or adaptation of policies and redistribution of existing funds (34%). Further suggestions identified an interest in receiving assistance or training in funding/grant application writing (41%), and a comprehensive service or platform for funding opportunities and collaborations (30%).
Professional development
Many respondents (78%) experience barriers in professional development. These barriers were mainly caused by a lack of funding and limited opportunities in employment, education or training (Table 1) , and 15% of the respondents indicated that they experienced limitations in professional development due to inequality, which is similar to the result obtained by the global survey of The Science Advisory Board (Miller and Kreilmann 2015) seeking scientist' advise on pursuing a scientific career. And, although several respondents (15%) experience so much hindrance they consider a change of career, most of them try to expand their professional network or search for additional funding.
To overcome barriers in professional development, targeted funding to support professional development (32%), more accessible education/training opportunities (17%) and services to facilitate networking (14%) were mentioned most often. Additional suggestions included the provision of training opportunities for employees at levels other than MSc, PhD and PostDoctoral, internationalizing the tenure track system and increasing the availability of online interactive training (MOOCs).
Sharing and collaborating are important activities in reducing experienced barriers and are mostly established via the respondents' own networks. Networks are also used to achieve professional development, by training or education opportunities. Of total respondents, 67% indicated some extent of insufficient access to networking or collaboration opportunities. Some reported being inhibited by regulations in their institution or country. Others indicated that information available on who is doing what and where is inadequate. Small enterprises feel left out from such opportunities, which may originate from an unwillingness of researchers (30%) to share with business.
CONCLUSIONS
Our survey indicates that many microbiologists perceive considerable limitations in their work, at least some of which could potentially be reduced by increasing efforts to share and collaborate. Of course existing collaborations are both common and widespread, examples ranging from the Physics community with the Hadron Collider and the vast range of EU-funded collaborations to national initiatives such as the N8 research partnership between eight Research Universities in the North of England. Nevertheless, expanding these efforts further can potentially mitigate the barriers currently experienced and increase access to existing equipment, expertise or training. Often, microbiologists try to overcome these barriers by seeking more funding, but the time and energy needed for this may be more fruitfully invested in building collaborative partnerships. As one participant stated: 'simply, there are too many quality investigators for the resources available'. If this is true, increasing awareness of this might steer efforts towards mitigation strategies, as one respondent suggested, to 'change from competing to cooperative systems, at least in non-commercial science', in order to achieve a collective reduction of this barrier. An inspiring example of a strong and fruitful collaboration within the same institute was described by Heald (2018) , where three professors, who are focused on different areas of cell biology, have joined forces and created a 'nurturing scientific and social environment'. They did not only save space by sharing lab rooms, save money by pooling equipment and trade grant proposals, but could also bounce around ideas amongst one another, provide encouragement and have fun. Collaborations are currently compelled by funding policies, such as the European Commission's Innovative Training Networks, but often such a collaborative opportunity is exploited only to a minimal extent rather than to its full potential. One of our respondents suggested that 'each country should give high priority to international collaboration'. Another contributed the use of shared research centers as a potential solution, another added sharing of maintenance contracts and others posed the development of expertise by training.
Services to facilitate networking, recruitment and establishing collaborations, funding or training opportunities could be rather valuable. An example is the PeerWith platform, which facilitates connection to experts for an array of services and which is based on posting of a specific request. Another example is the service of scholarly organizations which provide both a platform to establish collaborations and microgrants that enable networking activities through providing meeting attending or organizing grants. Although these initiatives are valuable, they do not provide a systematic solution to overcome all barriers.
We would like to thank all respondents for their valuable input into last year's community survey. This year we are exploring where microbiology should go next, to help us to identify key and emerging topics that need special attention in the coming years (https://www.surveymonkey.com/r/ FEMS Community Survey 2018). We encourage additional feedback on the presented findings from this first survey and invite you to share your comments (martijn.vanveen@fems-microbiology.org). The problems are community wide, and the solutions may come from anywhere.
